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摘要 
 I
摘 要 
本文针对传统的大平板热保护法检测真空绝热板导热系数方法存在检测时
间长、无法实现在线监测等问题，提出了埋入式热流计法快速测量真空绝热板导
热系数的方法，设计了一款检测导热系数的芯片电路，满足真空绝热板大批量生
产在线质量检测的需求。 
本文利用热敏电阻振荡电路在散热过程中引起的输出频率变化信号，分析计
算了频率变化特征值与真空绝热板导热系数的关系，从而确定了真空绝热板的导
热系数。论文研究提出用二极管负温度系数特性电压与高精度带隙基准电压分压
得到的参考电压组成比较器输入端信号，并通过设计修正参考电压（trim voltage）
和基准电流(trim current)来完成加热电阻温度检测精度达 2%的阈值关断电路结
构；基于压电晶体频率信号输出的要求，采用八个 D 触发器串联的降频输出方
式，提高了压电晶体信号耦合的强度，减小了测量误差；针对线圈能量耦合信号
需要较大电容滤波才能得到稳定直流电压的问题，综合考虑芯片的面积及成本，
将无线供电接收模块外置，为芯片提供稳定的直流电压供电；此外，设计了过温
和电源欠压锁定的基本保护功能，保证了非正常情况下芯片的安全问题。 
本文采用 5V/40V CDMOS 工艺，通过 Spectre 软件对电路进行仿真，L-Editor
软件进行版图设计，选择 SOP8-E 的封装。为了验证检测方案的可行性，通过分
立元件搭建检测系统实验，确定了内部测量组件的频率变化特征值与真空绝热板
导热系数的线性关系，检测误差低于 5%，测量时间为 60s 左右，达到预期效果。 
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Abstract 
Based on the traditional large flat plate thermal protection method for the 
measurement of vacuum insulation panel thermal conductivity is unable to realize 
on-line monitoring and the testing time is long, this thesis put forward the embedded 
type heat flow meter method of fast measuring thermal conductivity, and designed a 
chip circuit that can meet the demand for online quality detection of vacuum 
insulation panel mass production. 
This thesis uses the frequency changes of output signal caused by the thermistor 
oscillation circuit in cooling process, it is analyzed and calculated to obtain the 
relationship between the frequency variation value and the thermal conductivity of 
vacuum insulation panel, so as to determine the thermal conductivity of vacuum 
insulation panel. This thesis puts forward the comparator input signal consist 
of negative temperature coefficient characteristics of the diode voltage and the 
reference voltage is divider by high precision bandgap voltage reference, and design 
the temperature threshold shut off circuit structure of trim voltage and trim current to 
realize the heat resistance temperature detecting accuracy of 2%. In view of the 
piezoelectric crystal frequency output requirements, using the method of 8 D flip-flop 
series to improve the strength of piezoelectric crystal signal coupling and reduce the 
measurement error. The signal of coil energy coupling need larger capacitor filter to 
obtain a more stable dc voltage, Considering area and cost of the chip, it uses external 
wireless receiving module to supply steady dc voltage power. Basic protection 
functions such as under-voltage lockout protection and over-temperature protection 
circuit are built in, therefore the safety of the chip is ensured. 
This thesis adopts 5V/40V CDMOS crafts, uses the Spectre software for circuit 
simulation and L-Editor software for layout production, select a reasonable cost 
package SOP8-E. Detection system is composed of discrete component to show that 
the detection scheme is feasible and linear relation between frequency variation 
characteristics of internal component and vacuum insulation panel thermal 
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conductivity. The measurement error is less than 5% and the testing time is about 60s 
that achieve the desired effect.  
 
Key words: Vacuum Insulation Panel; Thermal Conductivity; Chip 
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